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Abstract. Hydrogen has been seen as one of the most
valuable options regarding renewable energy storage and
conversion. However, its production is still mostly based on
fossil fuels, in part because of the high cost of alternative
production routes, as is the case of water electrolysis for
example. This fact is explained by the energy consumed during
the process of hydrogen evolution from water. Nevertheless, the
research on water electrolysis is justifiable by the advantages that
the process offers, as high produced hydrogen purity, possible
association with other renewable energy sources such as solar,
hydro and wind power generation, no CO, emissions during the
evolution, simplicity of the process, as so many others. With the
purpose of increasing the hydrogen-producing device
(electrolysers) performance, great scientific efforts have been
directed to the electrodes base materials and their surface
technology. In this way, the present work propose powder
metallurgy based processes as production routes of nickel porous
electrodes, i.e., relatively low cost and high active superficial
area electrodes for hydrogen production.
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1. Introduction

The world energy production model is in its majority
based on fossil fuels. However, with the increasing
environmental concerns related to carbon dioxide (CO,)
emissions and fossil fuels shortage, the search for
alternative energy resources has been intensified [1, 2, 3].

https://doi.org/10.24084/repqj11.385

609

Any analysis of the current energy world scenario draws
on the combination of energy efficiency improvement
and the use of renewable-type energies. The industrial
use of renewable energies is not still well established as
they present several problems that generate insecurity in
this sector [4].

The hydrogen (Hy), in this context, has attracted the
attention of new researches due to both the viability of
environmentally benign routes of production and the
possibility of energy conversion using fuel cells, a
process in  which no harmful emissions occur.
Additionally to the possible usage as energy carrier,
hydrogen may serve as an industry raw material,
especially in petroleum refineries, ammonium and
methanol production [1,5].

A variety of processes can be employed on the hydrogen
obtainment, being them classified according to their
source. Currently, more than 50% of the hydrogen
produced derives from natural gas reforming, being that
the great majority of the remnant sources are also
derivatives from fossil fuels. For this reason the
production of hydrogen become, in the most part, an
indirect source of CO, [6].

Another possibility for hydrogen production could be the
water electrolysis, knowing that for this purpose, the
research related to the used electrolytic cell efficiency is
of great importance, due to the fact that this is the most
energetically expensive H, production process [5].
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In an electrolytic cell, the equilibrium or reversible
potential needed for H, production via water electrolysis,
namely, the ideal potential associated with H, regardless
resistive losses, is of 1.23V at 25°C and the minimum
amount of energy required is about +273.2 kJ.mol™.
Nevertheless, considering the previously mentioned losses,
the real cell demanded potential goes up to 1.8 — 2.0V
along with a current density of 1000-300 A.m?[7].

For this reason, in order to turn the water electrolysis into a
more efficient process, the technology related to the
development of electrodes for H, evolution has been the
core of many studies, aiming among others, to increase the
active area and to evaluate lower cost materials for their
fabrication.

In kinetic terms, choosing the materials for electrodes
fabrication, in the case of hydrogen, the cathode, is of
capital importance, considering that the reaction rate of H,
reduction is also directly determined by the cell
overpotential. The overpotential depends on many
different factors, among which, the most important could
be said to be the activation energy needed for the reduction
reaction to occur. The activation energy may be strictly
related to the electrode constitutional material and
superficial configuration [7].

In this way, an increase on the superficial area available
for the hydrogen reduction reaction and the selection of a
material with high catalytic activity, by way of
explanation, activation energy sufficiently low, are
essential measures to be taken in order to have a
performance increase [8, 9].

For the hydrogen production from water, metallic
electrodes are normally employed. Among the materials of
possible usage, the noble metals, such as platinum, are
comparatively the ones that show higher catalytic activity.
However, seeking to turn the water electrolysis into a more
economically viable process, the employment of less
expensive metals has been studied.

For this purpose, nickel (Ni) and its alloys have being
regarded as valuable options due to their high electro
catalytic activity in alkaline media, as well as composite
materials, especially metal-polymeric composites have
been extensively verified for catalytic applications [10, 11,
12].

Nickel powders having a highly irregular filamentary
shape can be fabricated and sintered to produce highly
porous structures, which are in high demand for battery,
catalyst and filter materials applications. In addition to
high porosity these materials offer excellent corrosion
resistance and good electrical conductivity [13].

In this work, metallic Ni electrodes were produced via
powder metallurgy (P/M), by this route, high active
superficial area may be obtained, associating then,
beneficial electrochemical properties with a technically
simple and relatively inexpensive process, thereby
representing options favorable to technological transfer
[14].
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By way of comparison, dense Ni electrodes were also
produced by electrodeposition, promoting thus the
possibility of evaluation and comparison of a porous
morphology front a non porous, i.e., dense ones.

2. Experimental
A. Sample production

A preliminary comparative evaluation between the
parameters used in the electrodes production (samples)
was held aiming to select and optimize the process. For
this, representative samples of metallic Ni were
produced, in different pre-sintering processing
conditions, varying the compacting pressures (85Mpa
and 106Mpa), named NS1 and NS2 respectively. The
pressings of the samples were performed by the
conventional cold pressing with the utilization of a
molding press BONEVAU model P30 ST. The sintering
was performed at a temperature of 1090°C for 1h with a
heating rate of 10°C.min™* and an isothermal hold of 30
min at 500°C in an argon (Ar) atmosphere.

The dense Ni electrodes, named NE, brought out by
electrodeposition were produced at 50°C - 55°C in a
stirred nickel Watts bath solution for 20 min and current
density of 0.04 A.cm™

B. Morphological Characterization

The characterization of the samples, regarding the
morphology and structure were done focusing on their
surface roughness, the analysis  was carried out by
quantitative analytical analysis such as profilometry, as
well as, by qualitative visual analysis through scanning
electron microscopy (SEM).

C. Electrochemical tests

The catalytic activities of the produced samples were
measured by potentiodynamic polarization in alkaline
media (35wt% KOH) at 25°C with sweep rate of 5 mV.s"
using a postenciostat PAR model 273, in order to
reproduce the industrial hydrogen evolution process. For
this reason, a conventional electrolytic cell was
assembled, counting with a working electrode (Ni
samples produced via powder metallurgy), a counter
electrode (platinum wire) and a saturated calomel
electrode (SCE) as the reference electrode. With this
device, potentiodynamic polarization scans were
performed and the obtained curves were analyzed.

3. Results
A. Morphological Characterization

The morphology studies exposed the relatively high
porosity, which is related to the electrochemical active
area of the samples produced by conventional cold
pressing. The images obtained (Figure 1 and 2) show
that is possible to obtain porous electrodes by powder
metallurgy, suggesting that a superior electrochemical
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performance could be expected for the electrodes produced
in specific conditions. Figure 3 shows the morphology of
the Ni electrode obtained by electrodeposition.
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Figre 3: Scanning electron microscopy (SEM) of the NS2
electrode.

It may be easily seen the difference between the samples
produced by the different processes, being that cold
pressing process, as expected, produced electrodes with far
higher porosity than the electrodeposition.
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The images generated by perfilometry may be seen and
compared in Figure 4.

Figure 4: 3D images of a) NS1 and b) NS2 and c) NE surfaces
obtained by perfilometry analysis.

The results obtained through the profilometry analysis
(Fgure 4 Table 1) point roughness values relatively high,
thus high catalytic activity associated, for both NS1 and
NS2, when compared to NE. This suggests the possibility
of porous electrodes production with high superficial area
by a considerably more simple and cheap process front
electrodeposition. The NS1 and NS2 electrode samples
showed close roughness values (Ra, Rms and Ry), what
may be explained due to the small difference between the
pressing pressures used in each sample. So, for
comparison purposes between electrodes produced by
powder metallurgy (pressing + sintering), which have as
only variable the pressing pressures, larger differences in
this parameter should be used in order to understand
deeply its influence on the produced electrodes
morphologies.

Table 1: Roughness values of NS1 NS2 obtained by
profilometry analysis.

Samples/ Ra Rms Ry
Roughness (um) (um) (um)
NS1 0,72+0,05 | 0.92+0,09 | 564+1,55
NS2 0,80+0,07 | 099+0,10 | 553+0,35
NE 0.05+0.006 | 0.07+0.01 | 0.54+0.20

B. Electrochemical tests

The polarization curves held in alkaline media (Figure 5)
confirmed the improved behavior of the electrodes that
presented higher porosity. Through the obtained curves it
is possible to verify that both samples, NS1 and NS2,
presented a lower cathodic overpotential when compared
to NE, being this result coherent with the higher active
superficial area associated to the higher values of
roughness measured and to the visually observed higher
porosity as well. Comparatively, the results gathered for
the NS1 and NS2 are too close, confirming the
hypothesis of little variation on the superficial area
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evaluated by the profilometry tests due to the lack of
difference between their pressing pressures.
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Figure 5: Polarization curves for NS1, NS2 and NE held in
alkaline media (35wt% KOH).

4. Conclusion

The results demonstrate the possibility of porous Ni
electrodes production by powder metallurgy, being that
this process presents great advantages regarding its
simplicity and low cost, mainly comparing it to the
complex electrochemical obtaining processes.
Electrochemical tests indicated the better performance of
the more porous electrodes, i.e., produced by powder
metallurgy, do not just show better fabrications conditions,
but also preferred working ones, being that lower
overpotentials signify lower energy expenses during the
hydrogen production via water electrolysis
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